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Abstract
This work has carried out on grafted nanoparticles oxide silica to determine the possible existence of "nanoeffect". 
The textural properties and heterogeneity of surface of the samples were studied at the interface solid-gas. The 
Geometric properties were discussed in terms of the surface area while the energy properties were discussed in terms 
of the reactive sites of the surface.In the framework of this study, firstly, the sample was used in the non-grafted state 
and then in the grafted state using a hydrophilic molecule and a hydrophobic molecule. Several techniques have been 
used: Infrared spectroscopy, X ray diffraction, the point by point volumetric technique, which enable us to study the 
interactions between the adsorbate and the solid surface. Finally we have determined the size and electro thermal 
mobility using zestasizer (Nano ZS). The results obtained show that there are two types of groups silanols and 
siloxanes on the silica OX5 giving a composite hydrophilic-hydrophobic. This character causes a singular behavior in 
adsorptive material, the presence of hydrophilic groups, strongly polarized, and is detected by infrared spectroscopy. 
These groups cause significant differences depending on the polarizability of the probe molecules, and the adsorption 
of argon shows no heterogeneity of the surface, while nitrogen is adsorbed on the polar sites at low relative pressure, 
While the volumetric continues to adsorption of argon and nitrogen on combustion silica to obtain and to highlight 
sites of high energy and polar surface sites. The combustion silica which has been used as adsorbent in this study has 
an amorphous surface, virtually free of impurities indicates that the sample is not micro porous and grafting of the 
molecules makes a decrease in high energy sites or to a relative increase in surface low energy. 
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1. Introduction 
Since the late of twentieth century, science has changed considerably with the conscience of the potential 
control of the "infinitely small» [1]. Today, the trend is toward miniaturization and the materials are not 
an exception either. Before the development prospects offered by the object nanometer, nanoscience and 
nanotechnology areas are now booming. The applications are numerous: both in medicine (in 2007 
constituting 24.1% of projects), as in the industrial sector with information technology and materials, 
through the understanding of certain scientific phenomena still unexplained and environment [2]. A total 
turnover worldwide is estimated at one trillion by 2015. For nanoparticles, the proportion of atoms in 
direct contact with the external environment is more important than for larger particles. Reported to the 
mass of solid, the superficial reactivity is then decreases. The activity of the surface of nanoparticles is 
their main advantage, since for the same reactivity; the amount of material is less. Therefore, they have an 
important economic value. However, miniaturization of materials can also change their surface reactivity, 
and their behavior towards the external environment. Indeed, the passage from the micrometer scale to the 
nanoscale (billionth of a meter) changes the physical [3,4]. and chemical properties of materials [5]. A 
current scientific challenge is to achieve better knowledge of these nanoparticles in order to limit the risks 
that could cause, especially in medicine field. Silica, SiCl4 + 2H2 + O2 ĺ SiO2 + 4HCl .SiO2 exists in 
many forms, from natural or synthetic origin. In natural state, it is most frequently encountered in its 
crystalline quartz, a constituent of many rocks: sedimentary, metamorphic or igneous. The main features 
of its synthesis products (grain size, specific surface, ...) are modulated by the preparation conditions 
(combustion, precipitation)] Applications of synthetic silica are extremely large, they cover a wide range, 
ranging from strengthening of polymers and the synthesis of heat shields covering the spacecraft. We 
showed for combustion silica , used as a thickener for liquids, catalyst support, raw materials of high 
purity silicate load polymers to improve mechanical properties, thermal or electrical insulation. All these 
applications involve far microparticles. For economic reasons, and new uses, it is believed to gradually 
replace them with nanoparticles. As part of this work, it was "the study of gas adsorption on 
nanostructured surfaces biphasic, the objective of this study was to highlight the influence of the grafting 
of organic molecules on the properties Textural and surface energy properties of fumed silica OX 50 in 
solid / gas interface. Geometric properties are discussed in terms of surface area and energy properties in 
terms of reactive sites of the surface.
 
2. Materials and methods 
2. 1. Sample preparation and characteristics 
Aerosil OX50 silica produced by Degussa is obtained by flame hydrolysis of silicon tetrachloride SiCl4 in 
the presence of hydrogen and oxygen at about 1000 °C; The solids from this combustion are composed of 
strings of grains, the grain size can be modulated by the conditions of combustion between 5 and 50 nm. 
In this study, the same sample is used, first ungrafted and then grafted with a hydrophilic molecule and a 
hydrophobic molecule. The synthesis of grafted samples was performed in Mulhouse (France).  
The grafted molecules are organic compounds whose formula is:  
 
C 12 H30 N2 O3 Si (95 %) : NH2=N-(6-aminohexyl) aminopropyl (Si + hydrophilic NH2) 
 
 
C 18 H37 Cl3Si (92%) : CH3= n-Octadecyltrichlorosilane (Si + hydrophobic CH3) 
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Moreover, the samples are characterized by various methods such as infrared spectroscopy (IR) and 
thermal analysis (ATVC). Aerosil OX50 silica is in the form of a very solid white powder. This results in a 
powdery bulk density rather low after compaction, about 130 g / L. The solid consists of spheres of  
average diameter of 40 nm. These particles aggregate into clusters of 100 nm average size.The structural 
properties of combustion silicas are relatively few variables. However, their textural properties may vary 
depending on synthesis conditions. The various studies conducted on the silica sample has as objective 
from one side to confirm the structure of amorphous clusters of tetrahedra (SiO4)4-, and from the other 
side to know the textural characteristics: extent and energetic properties of the surface. The data of 
chemical analysis of the sample of silica (OX50) expressed as a percentage of oxide, are presented in 
Table 1. These results show that the sample of silica OX50 is essentially consists of silica SiO2, and it has 
a very few impurities. The constituent grains of aerosils are formed of tetrahedra (SiO4)4- irregularly 
arranged, each oxygen atom bonded of two silicon atoms. On the surface, the coordination numbers of 
silicon atoms are broken and we consider that the surface is covered by silanol Si-OH recorded and 
siloxane bridges Si-O-Si. Pyrogenic silicas are those with rates of surface silanols lowest. These can be 
quantified in terms of density of silanols (number of Si-OH groups per unit area) or concentration (mmol 
/g solid). 
 
2.2. Infrared spectroscopy
Infrared spectroscopy allows to provide information about the nature of the studied phases from the 
values wavelength for which a substance absorbs energy Under normal conditions of temperature, the 
atoms and functional groups composing the material are guided by vibratory movements. When the 
constituents of the material are exposed to electromagnetic radiation whose frequency is close to that of 
their own vibratory movements, they resonate in absorbing part of radiation energy. Spectroscopy is then 
to describe the amount of energy absorbed as a function of wavelength. The vibration spectrum depends 
on interatomic forces and infrared spectroscopy can be regarded as an analytical method sensitive to local 
environments. It is applicable both on crystalline solids as amorphous powders, liquids and gases. It is 
also sensitive to elements of low atomic mass. 
 
2.3. X-ray Diffraction 
Powder X-ray diffraction patterns (XRD) were recorded using a D8 Bruker diffractometer with 
monochromated Co-Ka radiation ( = 1.7890 Å) and operating at 35 Kv and 45 mA. Spectra were recorded 
on unoriented samples. The scattering coherent length l was determined using Scherrer equation and half-
height width of 001 diffraction band. 
 
2.4. Nitrogen Specific Surface Areas 
Nitrogen adsorption-desorption isotherms at 77 K were recorded on a step by step automatic home-built 
setup. Pressures were measured by using a 0-1000 Pa and a 0- 100000 Pa Barton type pressure sensors 
provided by Edwards. The nitrogen saturation pressure was recorded in situ by using an independent 0-
100000 Pa Baratron type pressure sensor provided by Edwards. Prior to adsorption, the samples were 
outgassed overnight at 120°C and under a residual pressure of 0.01 Pa. Nitrogen N55 (purity > 
99.9995%) use for experiments was provided by Alphagaz (France). Specific surfaces areas (SSA) were 
determined from adsorption data by applying the Brunauer-Emmet-Teller (BET) equation Micropores 
volumes and nonmicroporous surface areas were obtained using the t- plot method proposed by De Boer 
et al. 
 
2.5. Nitrogen and argon adsorption 
Low-pressure isotherms of argon and nitrogen at 77 K were recorded on a lab-built automatic quasi-
equilibrium volumetric set-up [21,22]. After outgassing, a slow, constant, and continuous flow of 
adsorbate was introduced into the adsorption cell through a micro-leak. From the recording of quasi-
equilibrium pressure as a function of time, high-resolution adsorption isotherms were obtained with more 
than 2000 data points for the adsorption of the first layer [21,23]. Derivative adsorption isotherms could 
then be calculated as a function of the logarithm of relative pressure [21,23,24]. After subtraction of 
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multilayer adsorption contribution, these derivative curves can be considered as fingerprints of the 
interactions between surface adsorption sites and the considered gas probes. Derivative curves, also called 
condensation adsorption energy distributions ,can then be used to study surface heterogeneity of the 
analyzed samples [21,23,24,26]. High purity argon (> 99.995%) and nitrogen (> 99.9996%) were 
provided by Alphagaz (France). Samples were outgassed overnight under a residual pressure of 10-4 Pa at 
the same temperature as for water vapor adsorption experiments. 
 
2.6. Measuring the size and electrophoretic mobility 
The size measurement was performed with the NanoZS Zetasizer (Malvern Instruments) which is based 
on dynamic light scattering. The measuring range in sizes of this device is commonly called Nanosizer 
between 0.6 and 6000 nm and can also measure the electrophoretic mobility of particles in a dilute 
solution The second objective is to measure the electrophoretic mobility of particles in saline NaNO3 to 
10-2 M. This is to account for the residual charge (particles and studied its sign. The dispersions used for 
the various measures were initially prepared at a concentration of 1 g / L and then sonicate for 2 minutes 
to try to reduce the aggregate. The party dispersed (particles floating on the surface) was then diluted by 
10 to obtain conditions suitable for concentration measurements. Size measurements were performed in 
water and measurements of zeta potential in 10-2M NaNO3 
 
3. Results and Discussion 
3.1. Infrared spectroscopy 
3.1.1 .Ungrafted Silica OX50 
OX50 silica presents infrared absorption bands characteristic of silica. The diffuse reflection can assess 
the superficial nature of the chemical groups responsible for adsorption. We note specifically: 
o stretching Ȟ SiO: symmetry to 811 cm-1 and asymmetry to 1126 cm-1 for diffuse reflection. 
o combinations between 1600 and 1900: the band of absorption located around 1630 cm-1 
must contain a contribution from the deformation of the water. However, it is not responsible for the 
whole band, in fact, in this case the solid due to stretching of OH of water is more important (Figure 1). 
 
Figure 1.. IR diffuse reflection spectrum of silica OX50 ungrafted 
 
 Rami Nader et al. /  Physics Procedia  55 ( 2014 )  373 – 382 377
The relative absorption of silanols is visible on the spectrum produced by diffuse reflection: The 
absorption ȞOH at 3746 cm-1 is characteristic of isolated silanols pyrogenic silicas. An enlargement of the 
area 3000-4000 cm-1 shows the presence of other types of silanols. The centered massif at 3670 cm-1 
corresponds to internal silanols: non- exchangeable with deuterated water adsorption [17, 18] A band 
located at 3714 cm-1 is assigned to terminal silanols. These are only an acceptor proton, and their protons 
are not involved in hydrogen bonds 
 
a) OX50 silica grafted to NH2 and CH3
The infrared spectroscopy performed on grafted silica (OX 50) "before and after degassing) shows the 
characteristic of absorption bands of silica and grafted molecules. We note specifically for non-degassed 
and grafted fumed silica CH3: 
• The stretching Ȟ SiO: symmetry to 811 cm-1 and 1126 cm-1 asymmetric diffuse reflectance 
• Combinations and overtones here between 1600 cm-1 and 1900 cm-1 the absorption band located around 
1630 cm-1 must contain a contribution from the deformation of the water. 
However, it is not responsible for the whole band, in fact; in this case the solid due to stretching of OH of 
water is more important. 
• The stretching of CH2: symmetric 2857 cm-1 and asymmetric to 1126 cm-1 
• The deformation of CH2: to 1459 cm-1 
• The stretching of CH3 symmetric 2962 cm-1 
• The Ȟ CO stretching: to 1183 and Ȟ C = O to 1712 cm-1 and Ȟ C = C at 1626 cm-1 
• The elongations Ȟ OH at 3667 cm-1 (internal Silanol) 
The C = O are surprising and are not expected from the molecules used. 
For non degassed and grafted NH2 fumed silica: 
• The elongations Ȟ SiC: symmetry at 812 cm -1 
• Combinations and overtones here between 1600 cm-1 and 1900 cm-1 the absorption band located around 
1630 cm-1 must contain a contribution from the deformation of the water. However, it is not liable for the 
entire band, in fact, in this case the massive elongation OH water would be greater. 
• The deformation of CH2: symmetrical to 2862 cm-1 and 2935 cm-1. 
• The deformation CH3 symmetric 2962 cm -1 
• The free NH stretching Ȟ: 3307 cm -1 
• The free NH2 stretching Ȟ: 3369 cm-1  
• The stretching Ȟ OH at 3651 cm-1 (silanol internal). 
The results of infrared spectroscopy of not degassed and grafted CH3 and NH2 silica and degassed at 60 
°C and 120 °C indicate that the spectra are similar, confirming that the degassing temperature has no 
effect on the textural properties of silica, while the IR data of the grafted silica and NH2 CH3 versus 
ungrafted silica confirms the presence of grafted chains of CH3 and NH2 on the surface of silica, and the 
disappearance of bands of isolated silanols (3746 cm -1) confirming that the isolated silanols involved in 
grafting. So the bands at 812.1063, and 1869 cm-1 are assigned to the bonds of siloxane bridges Si-O-Si. 
The band at 1630 cm-1 and solid between 3200-3400 cm-1 correspond to physisorbed water. The different 
types of silanols (Figure 6) appear to 3667 cm-1 (free OH), 3651 (OH internal), 3377 cm-1 (OH vicinal 
water related and associated with it) [18]. The silica surface can be described by the presence of four 
types of chemical groups: the siloxane bridges, free silanols isolated internal silanols (porosity occluded) 
and vicinal silanols. The silica surface is composed of two kinds of chemical groups potentially very 
different in terms of energy and reaction [27]. The textural characterization studies described now will try 
to detect the expression of experimental coexistence of the two groups. 
 
3.2- X-ray diffraction 
The diffraction pattern shows the amorphous nature of the sample. Indeed, there have been no diffraction 
peak characteristic of crystalline solids. The irregular arrangement of tetrahedral (SiO4)4- gives a fumed 
amorphous nature where they belong to the group of Synthetic Amorphous Silicas or SAS (Figure 2). 
According to Evans and King (1966), one can imagine the SiO2 network as shown in Figure 8. The circles 
will symbolize the oxygen atoms and the center of the tetrahedra, the silicon atoms. In Figure 2. The 
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dome existing around 2ș = 25 ° is related to diffraction phenomena in the sense of Fraunhoffer. They find 
their origin in the disordered nature of the tetrahedral network. 
 
 
2 thêta -scale  
Figure 2. X-ray diffractogram of silica OX 50. 
 
 
  
Figure 3. Schematic arrangement of SiO4-.tetrahedra in the silica Aerosil. (Based on a model of Evans 
and King 1996) 
 
3.3. Textural properties 
3.3.3.1 Procedure 
To ensure that the degassing temperature does not change the sample surface graft, degassing of the latter 
is achieved by starting with relatively moderate temperatures. In parallel, a characterization by thermal 
analysis is performed to follow the degassed elements depending on temperature. Degassing temperatures 
are 30 °C and 60 °C. The weight losses are about 3% at 30 °C and 0 % for the same samples heated at 60 
°C 
 
Silica OX50 
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3.3.2 Experimental Results. 
The results for the three samples of silica OX50 are shown as adsorption-desorption isotherms (Figures 3). 
Figure 3 corresponds to the isotherm of the ungrafted sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3. Isothermal adsorption-desorption Silica OX50 after degassing at 120 °C 
 
 
The general appearance of different isotherms are identical. The adsorption isotherm of type II is 
characterized by a slow increase of the amount adsorbed as a function of relative pressure equilibrium: 
this isotherm is obtained with nonporous or macroporous adsorbents on the surface where the adsorbed 
layers' multimolecular adsorption gradually thickens. The superposition of the branches of adsorption and 
desorption showed the absence of internal mesoporosity of the sample (Figure 3). 
 
- Measurement of specific surface area: The parameters deduced from the BET method for the 3 samples 
are summarized in Table 1. 
 
Table 1. BET results of 3 samples of grafted and non grafted silica (OX 50) or not. BET C is a constant energy 
Vmono volume to the monolayer and the surface SBET calculated by the BET method 
 
 Samples C 
BET
V mono 
(cm3/g) 
S BET 
(m2/g) 
120°C Silica  OX 50 88 9.3 40.6  r  1.5 
SilicaOX 50 +CH3 32 8.1 35.6  r  1.6 
30°C Silica OX 50 + NH2 37 8.5 37.2  r  1.5 
Silica OX 50 + CH3 30 8.5 37.0  r  1.5 
60°C Silica OX 50 + NH2 35 8.7 37.9  r  1.5 
 
 
- Estimated microporosity [20] 
From the t-plot method described above (paragraph 1.4.1), we report in the Figures is the adsorbed 
quantity as a function of the thickness t of the layer for the 3 samples. For the grafted samples, only those 
gassed at 60 °C are shown, as at 30 °C the results are virtually identical. We deduce the estimation of 
microporosity given in Table 2. : 
Table 2. Deduced results from the t-plot for the 3 grafted and ungrafted samples 
Silice OX50 non greffé
0
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0 0.2 0.4 0.6 0.8 1
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s 
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)
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The results show a very low microporosity of ungrafted silica. According to the plot in Figure 4, the 
micropore volume is estimated to be 0.58 cm3/g (0.009 cm3/g liquid equivalent). This microporosity 
seems to disappear for the grafted samples. The degassing temperature did not seem to be the cause of 
this lack of microporosity because the shape of the curve is quite similar. The comparison of the three 
isotherms obtained for the three samples show a difference of about 9% of the silica surface areas 
between ungrafted and grafted. This difference remains valid whatever the temperature of degassing. We 
note that the effect of grafting on the evolution of energy CBET constants can be correlated with the 
overall decrease in interaction energies between the surface of silica particles and nitrogen, in this case 
resulted in lower values constants. This could be attributed either to a decrease in high energy sites, or to 
a relative increase of low energy surfaces due to the presence of grafted molecules. This suggests that 
grafting makes the surface a little less energetic. 
Moreover, the possible presence of non-degassed water vapor at a low temperature degassing seems 
excluded because the degassing at higher temperatures hardly shall affect the values of the surfaces and 
on the microporosity. The low microporosity present in the non-grafted silica and disappears in the two 
grafted samples is offset by the slight increase in overall surface of external micropores. One could 
hypothesize that the presence of grafted molecules restricts the access and adsorption of nitrogen on the 
sample surface and possibly in the micropores. This could also be explained by the absence of micropores 
and specific interactions between Si-OH surface and nitrogen, and more Si-OH disappear during grafting. 
 
4. General conclusions and perspectives 
The various studies conducted on silica OX50 indicate the presence on its surface of two types of groups / 
silanols and siloxanes, giving it a composite hydrophilic-hydrophobic character. This leads to singular 
adsorptive behavior to the material, with a significant variation of results based on the used probes 
molecular, and even according to the methods of processing of data related to nitrogen. The presence of 
hydrophilic groups, strongly polarized, is detected by infrared spectroscopy. These groups cause 
significant differences depending on the polarizability of the probe molecules, and the adsorption of argon 
shows no heterogeneity of the surface, while nitrogen is adsorbed on the polar sites on polar low pressure. 
While the volumetric continues to adsorption of argon and nitrogen on combustion silica to obtain and to 
highlight sites of high energy and polar surface sites. The combustion silica which has been used as 
adsorbent in this study has an amorphous surface, virtually free of impurities indicates that the sample is 
not micro porous and grafting of the molecules makes a decrease in high energy sites or to a relative 
increase in surface low energy. Various points are still to answer on this silica and the influence of 
grafting on the used silica and should be followed by a study on this subject. In this context, the various 
paths of research that we propose are: 
1. Studying the wettability properties to assess the links between the wettability properties and 
adsorption energies derived from isothermal low-pressure nitrogen and argon. 
2. Study the morphology of surfaces using the AFM technique to evaluate the relationship with 
measures of particle sizes which we used with the Zetasizer NanoZS and surface measurements 
with argon.  
 
t-plot
Samples S micropores 
(m2/g) 
S hors micropores 
(m2/g) 
120°C Silica (OX 50) 2.5 37.2 
Silica (OX50) +CH3 - 36.8 
30°C Silica (OX50) +NH2 - 40.2 
Silica (OX50) +CH3 - 39.5 
60°C Silica (OX50) +NH2 - 399 
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